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1. General procedures, syntheses, measurements, calculations. 1-2. Powder X-ray diffraction (XRD) measurement. Powder X-ray diffraction measurements were carried out with Cu Kα radiation (λ = 1.54059 Å) using a Rigaku SmartLab at room temperature. Synchrotron powder XRD measurements were performed at the RIKEN materials sience beamline BL44B2 of SPring-8. 1 The data were acquired using the Debye-Scherrer camera equipped with an imaging plate as an X-ray detector. The incident wavelengths were 0.579057 Å for FeCoNi/C and Fe/C samples, which were obtained by calibration using CeO 2 as a standard powder sample. The X-ray beam was collimated by a double slit 0.5 mm by 3.0 mm. Powder samples of FeCoNi/C or Fe/C was sealed in borosilicate glass capillaries under vacuo. The samples were irradiated by X-ray at 300 K. Figures S1 and S2 show the fitting results of FeCoNi/C and Fe/C, respectively. The optimized parameters were listed in Table S2 .
1-3. TEM measurement of Fe/C monometallic catalyst. TEM image of Fe/C was taken with a JEM-2010HCKM operated at 200 kV, and obtained image is shown in Figure S4 . For these measurements, Fe/C mounted copper grid was prepared by the similar procedures with that of FeCoNi/C for BF-STEM image measurement, as above described.
1-4.
Cyclic voltammetry (CV) measurements using catalysts modified electrodes. The ethylene glycol (EG, 0.3 mg, Wako) suspension of prepared catalysts (10 mg) was applied on the carbon felt (KRECA Paper, 4 cm 2 , Kureha). The carbon felt was used in all experiments after washing with acetone for 3 times and drying in vacuo for over night (ca. 12 h). The felt was heattreated under N 2 gas at 400 °C for 30 minutes followed by H 2 gas at 300 °C for 10 minutes, respectively. After cooling the felt to room temperature, it was fixed to the handmade stainless clip, and which was used as working electrode. As the counter electrode, coiled Pt wire was used. A Hg/HgO reference electrode (RE-6A, BAS Co. Ltd.) with filling 1 M KOH aqueous solution was used. All potentials were measured against this Hg/HgO reference, which has a potential of 0.098 V vs. the normal hydrogen electrode (NHE), and finally converted to that vs. referenced hydrogen electrode (RHE). For CV using a prepared catalyst, VersaSTAT4 potentiostat (Princeton Applied
Research, AMETEC Inc.) was used with applying abovementioned three electrodes. A sample vial (100 mL in volume, ALS Co. Ltd.) equipped with a gas-tight Teflon cap was used. The electrolyte aqueous solution (80 mL, 20 wt.% KOH, 30 wt.% EG) was introduced, and working, reference, and counter electrodes were placed inside the vial. The electrolyte solution was prepared by using ultrapure water (DIRECT-Q®3UV, Millipore Corp., Merck Ltd.). After the Teflon cap was tightly closed, N 2 gas was bubbled in cell for 30 minutes in order to purge the air from the inside of the cell. After the deaeration, the current value was recorded against the applied potential with 10 mV/s scan rate and 10 scan cycles. The CV measurement of the blank, the same procedures abovementioned, except for using electrolyte solution (80 mL, 20 wt.% KOH), was carried out. On the other hand, for the CV measurement using the Pt/C catalyst, commercially available 20 wt% Pt/C (2.5 mg, Alfa Aesar) mounted carbon felt (1 cm 2 ) was used as working electrode.
1-5. Chronoamperometry (CA) measurements using catalysts modified anodic electrodes.
The EG (0.7 mg) suspension of prepared catalysts (50 mg) was applied on the carbon felts (4 cm 2 × 4, 16 cm 2 total). The felts were heat-treated under N 2 gas at 400 °C for 30 minutes followed by H 2 gas at 300 °C for 10 minutes. After cooling the felts to room temperature, they were fixed to the handmade stainless clip, and which was used as working electrode. Counter and reference electrodes were the same with those at CV measurement. All potentials were measured against vs.
Hg/HgO and converted to them vs. RHE. For chronoamperometry measuremtns, VersaSTAT4
potentiostat was used with applying abovementioned three electrodes. The electrochemical experiments were fully carried out at inside of the glove box filled with N 2 gas. A home-build double compartment cell, where each compartment is separated by proton conducting membrane (Nafion®, NRE-212, Sigma-Aldrich) and equipped with gas-tight Teflon caps for each was used.
For anodic cell (75 mL in volume), electrolyte aqueous solution (50 mL, 20 wt.% KOH, 30 wt.% EG) and stirring bar were introduced, and working and reference electrodes were immersed. On the other hand, for cathodic cell (75 mL in volume), electrolyte aqueous solution (50 mL, 20 wt.% KOH) and stirring bar were introduced, and counter electrodes was fixed to the cap. Both electrolyte solutions were prepared by using ultrapure water. After the Teflon caps were tightly closed, N 2 gas was bubbled both in anodic and cathodic cells for 30 minutes in order to purge the air from the cell. The headspace of anodic cell was connected to the gas chromatograph (GC) (7890A, Agilent Technologies, Inc) equipped with packed columns (HayesepQ 0.5m, MS5A 6ft, HayesepQ 6ft, Agilent Technologies, Inc.), thermal conductivity detector (TCD), and flame
S7
ionization detector (FID). through dual syringe pump (ML600, Hamilton Company). The configuration of devices is given in Figure S8 . The gas sample (1.5 mL) was introduced from headspace to GC injector and analyzed and recorded, at each 25 minutes from 0 to 125 minutes potential applying time to determine the amount of evolved CO or CO 2 . Solution samples (50 µL)
were collected from both anodic and cathodic cells at 0 and 125 min and analyzed by using HPLC (Shimadzu LC-20AD, 50 mM HClO 4 aqueous solution carrier) equipped with Refractive Index
Detector (RID-10A), Diode Array Detector (SPD-M20A), for determination of generated oxide species of EG, i.e. oxalic acid, glycolic acid, formic acid, and formaldehyde, etc. Calibration curves obtained by using standard samples are shown in Figure S11 . For determination of the amount of evolved CO 2 , which is dissolved in basic aqueous solution in anodic cell after 125 minutes potential applying, 10 mL of solution was collected and introduced in closed vessel (CV-400 Pierce Vial, AS ONE Corp., 42.7 mL in volume), with rubber septum. To this solution, HNO 3 aq (13 N, Wako Pure Chemical Co. Ltd., 4 mL) was introduced and was shaken for a minute.
From the headspace of this vessel, gas sample (2 mL) was collected and analyzed by GC to determine the amount of dissolved CO 2 gas.
1-6.
Definitions of number of electrons, current efficiency, and selectivity.
Number of Electrons
The number of electrons is defined as the number of electrons which are related to the oxidized product formation from EG. The number of electrons was calculated from the amount of an oxidized product, which was quantified by HPLC, from the reaction solution in anodic cell. For example, 8 electrons are required for oxalic acid formation from EG. Therefore, if x mol of oxalic acid was detected during the reaction, the "number of electrons" for oxalic formation can be calculated using equation as follows (Eq. 1).
The number of electrons was finally divided by the metal weight in the catalyst, and shown as per metal weight (g) in the Figures 3a and S14, respectively.
Current Efficiency
The current efficiency is defined as the percentage of the electrons, which is relevant to the product formation, out of the total number of electrons which pass through the circuit and counted by potentiostat during the experiment. This value can be calculated from "number of electrons" and "coulomb number" which is counted by potentiostat, using equation as described below (Eq. 2). If this value was close to 100 (%), the counted electrons can be considered to be based on the EG oxidation, i.e. oxidized product formation from EG. Contrastively, when it was close to 0 (%), the counted electrons are based on the other factor, e.g. catalyst self-oxidation.
2
Selectivity
The selectivity is defined as the percentage of the electrons related to the specific product formation out of total electrons for all the product formations. This value can be calculated from the "number of electrons" for specific product and sum of them for all the products. For example, "selectivity" of oxalic acid can be calculated using equation as follows (Eq. 3).
1-7.
Preparation of pre-oxidized FeCoNi/C nanoalloy and CA experiment. The FeCoNi/C was prepared, and then heat-treated under air at 500 °C for 17 h. Complete oxidation of this 
Number of Electrons for Oxalic Acid
� = � x � × � 8 � Current Efficiency (%) � = � Number
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calcined sample was confirmed by powder XRD and TEM measurements (Figures S16 and S17) .
The electrodes were prepared by the similar procedure as described in the preparation of an electrode employing the FeCoNi/C catalyst, except for heat-treatment under hydrogen atmosphere at final step. This oxidized FeCoNi/C applied electrodes were used without treating under hydrogen, in order to prevent reduction of oxidized FeCoNi/C. The CA experiment at 0.4 V (vs. RHE) for 125 minutes showed neither the product formation nor current flow.
1-8. Alkaline fuel cell (AFC)
3 The NaCo 2 O 4 powder produced by sintering a metallic NaCo 2 O 4 at 900 °C for 32 h is known to be a mixed electronic ionic conductor, which can act as a cathode catalyst for oxygen reduction reaction. 4 It is notable that the NaCo 2 O 4 powder treated under hydrogen and water vapor at 280 °C behaves as an ionic conductor by losing electrical conductivity.
3 Therefore, the pressed and pelletized NaCo 2 O 4 disk of 20 mm in diameter and 1 mm in thickness are used as electrolyte, after heat treatment under wet hydrogen at 300 °C. For preparation of anodic electrode, EG paste, containing NaCo 2 O 4 and catalyst, was shaped in 5 mm diameter disk, followed by heat-treatments under He atmosphere (400 °C, 60 min.) and wet hydrogen (300 °C, 30 min.). In order to prepare the cathodic electrode, ethanol suspension, containing carbon black (Vulcan, XC-72R) and NaCo 2 O 4 , was applied onto the carbon paper (P50T, Ballard Power Systems, inc.) and dried in vacuo. This carbon paper was cut out in the 5 mm diameter circular shape and used as the cathodic electrode (catalyst loading: ca. 10 mg/cm 2 ). The active areas of the electrodes were ca. 0.197 cm 2 , and which were explored during the measurement in wet O 2 and aqueous solution (10 wt% EG, 10 wt% KOH) at 70 °C for cathode and anode electrodes, respectively. The potentiostat (Solartron 1280C) was connected to cell fixtures, and electromotive force and electron density were measured with the scan rate of 1 mA/sec.
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2. Hg/HgO) can be assigned to the H ad /H + redox processes on Pt surface, based on previous report about Pt electrochemistry in basic media.
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9. Figure S9. Calibration curve between GC peak areas, detected by FI detector, vs. amounts of CO (mmol).
S21
13.
Figure S10. Calibration curve between GC peak areas, detected by FID detector, vs. amounts (mmol) of NaCO 3 in 20 wt% KOH aqueous solution (10 mL), after addition of HNO 3 (4 mL).
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14. of the curves at E = 1.0, 0.6, and 0.4 V, the initial current value is higher when the higher potential is applied. Oxidation current decayed within 100 sec for E = 1.0 and 0.6 V, while, at E = 0.4 V, the rate of the decay became slower. On the other hands, at the highest potential, i.e., E = 1.2 V, the shape of the curve quite differs from those observed at lower potentials, indicating emergence of different reaction mechanisms, which are dependent on an applied potential.
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